A New Aglyptorhynchus (Perciformes: Scombroidei) From the Lincoln Creek Formation (Late Oligocene, Washington, U.S.A.) by Fierstine, Harry L.
Journal of Vertebrate Paleontology 25(2):288-299, June 2005
© 2005 by the Socicty of Vertebrate Paleontology
A NEW AGLYPTORHYNCHUS (PERCIFORMES: SCOMBROIDEI) FROM THE LINCOLN
CREEK FORMATION (LATE OLIGOCENE, WASHINGTON, U.S.A.)
HARRY L. FIERSTINE
Biological Sciences Department, California Polytechnic State University, San Luis Obispo, California 93407 U,S,A.,
hfiersti@calpoly.edu
ABSTRACT-A partial rostrum with an attachcd lower jaw, a posterior neurocranium, and a proximal hyomandibular
from the Lincoln Creek Formation (late Oligocene, Washington) arc described and identified as Aglyptorhynchlls
coillmhianlls sp, nov. In addition. ten articulated anterior caudal vertebrae presumably from the Lincoln Creek Formation
arc described and identified as Aglyptorhyllchlls sp. This is a second record of an Aglyptorhynchus from a deposit
bordering the Pacific Ocean, The specimens are compared with other billfishes (Perciformes: Scombroidei), both extant
and extinct. Unusual features include a tripartite celous occipital condyle composed equally of the basioccipital and
cxoccipitals, a lower jaw that is nearly twice as deep as the corresponding section of the rostrum, a subtemporal fossa, an
oval-shaped fossa in the parasphenoid, two sphenotic ridges separated by a fossa, a bifurcated pterotic ridge. and a
hyomandibular with a laterally curved posterior margin. With the exception of the deep lower jaw. these features have
never been recorded before in extinct or extant scombroid fish, Heretofore. a tripartite occipital condyle was unknown
in a non-beryciform percomorph fish, AglyplOrhynchlls is placed in the Scombroidei. family incertae sedis, because of the
paucity of shared characters with other scombroid taxa.
INTRODUCTION
The term billfish refers to those perciform fishes (Suborder
Scombroidei) with their premaxillaries elongated into a non-
protrusible rostrum or bill. Billfishes include the families Blochi-
idae (BlochiliS Volta, 1796). Hemingwayidae (Hemingwaya
Sytchevskaya and Prokofiev, 2(02). Istiophoridae (lstiophorlls
Lacepede, 1801; Makaira Lacepede. 1802; Tetrapturus
Rafinesque. 1810), Palaeorhynchidae (Homorhynchus Van
Beneden, 1873; Pl//aeorhynchlls Blainville, 1818; Pseudotetraptll-
rus Danil'chenko, 1960), and Xiphiidae (Xiphias Linnaeus, 1758;
Xiphiorhynchlls Van Beneden, 1871) (Carpenter et aI., 1995; Fi-
erstine and Monsch, 2002; Sytchevskaya and Prokofiev, 20(2).
Extinct billfishes inhabited the Tethys and Parathethys Seas and
the Atlantic and Pacific Oceans from the Paleocene to the Oli-
gocene (Bannikov. 1993; Ficrstine and Monseh, 2002; Sytchev-
skaya and Prokofiev, 20(2), whereas the extant billfishes inhab-
ited all temperate and tropical seas from the Miocene to the
Recent (Nakamura, 19113; Sorbini, 1988; Fierstine, 2(01). There
arc several genera of putative billfishes (Aglyptorhynchlls Ca-
sier. 1966; Congorhynchus Darteville and Casier, 1949; Cylindra-
canthus Leidy. 11156; Enniskillenus Casier, 1966; Hemirhahdo-
rhynchlls Casier. 1946) that are known primarily by fragments of
rostra and a few other elements (Casier, 1966; Schultz, 1987;
Monsch, 20(0), but there is much disagreement on the relation-
ship of these latter genera to billfishes (Casier, 1966; Weems,
1999; Fierstine and Monsch, 2(02). For example. Aglyptorhyn-
chus has been placed in the Xiphiidae (Casier, 1966), Tetraptu-
ridae (Schultz, 1987), and most recently in the '1Blochiidae (Fier-
stine, 2001; Fierstine and Monsch, 2002).
The discovery of four specimens of Ag/yptorhynchus, a partial
rostrum and lower jaw, and a posterior neurocranium with an
attached hyomandibular, both from the Lincoln Creek Forma-
tion, late Oligocene. Washington, and ten articulated vertebrae
presumably from the Lincoln Creek Formation, adds greatly to
our morphological knowledge of the genus. This marks a second
record of an Aglyptorhynchus from a deposit bordering the Pa-
cific Ocean (Fierstine, 2(01). The specimens are compared with
fossil and Recent specimens (see materiallisted below) and pub-
lished accounts of extant and extinct billfishes (see references in
Schultz. 1987; Monsch, 2000; Fierstine and Monsch, 2002). A
phylogenetic analysis was not undertaken because Fierstine and
Weems (2004) plan to include a cladistic analysis of Aglypto-
rhynchlls in their study of the numerous billfish remains from the
Ashley and Chandler Bridge Formations, mid-Oligocene, South
Carolina, U.S.A.
MATERIALS AND METHODS
1 use the classification systems of Carpenter et al. (1995) for
extant Scombroidei and Fierstine and Monsch (2002) for extinct
Scombroidei. except for the addition of Hemingwayidae, which
was recently described by Sytchevskaya and Prokofiev (2002). I
follow the time scales of Berggren et al. (1995) for the Tertiary,
and supplement the osteological terminology of Rojo (1991) with
the nomenclature of Collette and Russo (1984), Davie (1990),
and Fierstine (2001) for structures that are characteristic of
scombroids. especially bill fishes.
Comparative Materials
Institutional abbreviations are explained below. Authors and
dates of first publication of Recent taxa are not given or cited for
the sake of brevity (except for those genera in the Introduction).
Blochiidae-B/ochiIiS longirostris Volta. 1796. holotype,
MNHN lOR68-10869, middle Eocene, Monte Bolca, Italy.
Family incertae sedis-Aglyptorhynchlls bruxelliensis (Ler-
iche, 1926), holotype. IRSNB P574, middle Eocene, Belgium. A.
compreSSllS (Leriche, 1936, holotype. IRSNB EFP300 and 301,
early Eocene, Belgium; IRSNB P5R7, middle Eocene, Belgium;
lRSNB 1400 and 1401, middle Eocene, Belgium. A. denticulatus
(Leriche, 19(9), holotype, two specimens, IRSNB 882b, early
Oligocene. Belgium. A. maxillaris Fierstine. 2001, ho]otype,
UCMP 123170, late Oligocene, Oregon, U.S.A. A. rohustus
(Leidy, 1860), holotype, AMNH 3087, late Oligocene, South
Carolina. A. (= Glyptorhynchus) sulcatlls (Casier. 1946). holo-
type. IRSNB P315, early Eocene, Belgium. A. venahlesi Casier,
1966, holotype, BMNH P26157, early Eocene, England. Aglypto-
rhynchus sp., ChM GPV685, PV4751, PV4752, PV5990, PV6930,
PV6942, PV6944, PV6948, PV6951, PV6958, PV6989, PV6990,
PV6995, mid-Oligocene, South Carolina.
Carangidae-Caranx hippos. LACM 37975-1, skeleton, Gulf
of Mexico. off Florida.
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Chiroeentridae-Chirocentrus nudus, LACM 38292-22, skel-
eton, fish market, Karachi, Pakistan.
Holoeentridae-Holocentrus rufus, LACM 38030-1, skeleton,
western North Atlantic Ocean, off Florida. Holocentrus subor-
bitalis, LACM 37801-5, skeleton, Gulf of California, Mexico.
Istiophoridae-Istiophonls platypterus, LACM 37998-1, skel-
eton, Gulf of Mexico, off Destin, Florida. Tetrapfllrus angustiros-
tris, LACM 25499, skeleton, female, 1619 mm LJFL, 15.9 kg,
Kailua-Kona, Hawaii.
Seombridae-Acanthocybium solandri, CAS-SU 112754, head
skeleton, off Hawaii; LACM 37930-3, skeleton, Gulf of Mexico,
off Destin, Florida. Scomber japonicus, LACM42074-1, skeleton,
Eastern Pacific Ocean, off Santa Monica. Rastrelliger sp., LACM
38118-68, skeleton, fish market, Karachi, Pakistan.
Sphyraenidae-Sphyraena argentea, CAS-SU 112472, disar-
ticulated skeleton, off San Francisco, California. Sphyraena sp.,
LACM 35732-18, skeleton, fish market, Guayamas, Mexico.
Xiphiidae-Xiplzias gladius, LACM 44458-1, skeleton, 2033
TL, no other data; CAS 25818, partial skeleton, no other data.
Xiphiorhynchus kimblalocki Fierstine and Applegate, 1974, ho-
lotype, LACM 25575.1-25575.6, late Eocene, Mississippi.
Preparation
The holotype (LACM 143980) was studied without prepara-
tion in order to avoid the destruction of denticles. Standard me-
chanical techniques (Leiggi and May, 1994) were used to remove
the neurocranium and hyomandibular (UWBM 29536) from the
matrix. The articulated vertebrae (UWBM 40763) were removed
from the matrix by immersion in dilute formic acid. Computer
tomography (CT) images of the rostrum and lower jaw and neu-
rocranium were scanned at a value of 120 kv, 300 rnA, and 3.0 s.
Abbreviations
Anatomical-a, alveolus(i); asr, anterior sphenotic ridge; Ba,
basisphenoid; Bo, basioccipital; ee, central canal; epm, curved
posterior margin of hyomandibular; ere, cranial cavity; D, depth
of rostrum; De, dentary; dent, denticle(s); dr, depth of rostrum at
f (see below for definition of f); dif, dilatator fossa; dpoz, dorsal
postzygapophysis; dprz, dorsal prezygapophysis; Eo, exoccipital;
Ep, epiotic; f, point where premaxillae fuse into single structure:
fo, fossa(ae); fm, foramen magnum; Fr, frontal; hs, hemal spine;
Ie, intercalar; icf, internal carotid artery foramen; LJFL length
from lower jaw to fork of caudal fin; Ir, longitudinal ridge of
either premaxilla or dentary; m, posterior myodome; ne, nutrient
canal; ns, neural spine; oe, occipital condyle; Pa, parietal; Pas,
parasphenoid; pasf, parasphenoid fossa; Pm, premaxilla; pof,
posttemporal fossa; Pro prootic; psr, posterior sphenotic ridge;
Pt. pterotic; pte. pterotic condyle; Pte, pterosphenoid; ptf, pter-
otic fossa; ptr, pterotic ridge; ri, rib; sc, supraoccipital crest; So,
supraoccipital; Sp, sphenotic; spc, sphenotic condyle; spf, sphen-
otic fossa; subf, subtemporal fossa; sur. supratemporal fossa; tef,
temporal fossa; ter, temporal ridge; TL, length from tip of ros-
trum to tip of caudal fin; vprz, ventral prezygapophysis; W, width
of rostrum; wf, width of rostrum at f; X.S., cross-section of ros-
trum.
Institutional-AMNH. American Museum of Natural His-
tory. New York, New York; BMNH. The Natural History Mu-
seum, London, England; CAS, California Academy of Sciences,
San Francisco, California; CAS-SU, Stanford University Collec-
tion of the California Academy of Sciences, San Francisco, Cali-
fornia; ChM, Charleston Museum, Charleston, South Carolina;
CMNH. Carnegie Museum of Natural History, Pittsburgh, Penn-
sylvania; IRSNB, Institut royal des Sciences naturelles de Bel-
gique, Brussels; LACM, Natural History Museum of Los Ange-
les County, Los Angeles, California; MNHN. Museum national
d'Histoire naturelle, Paris, France; UCMP, University of Cali-
fornia Museum of Paleontology, University of California, Berke-
ley, California; UWBM. University of Washington, Burke Mu-
seum of Natural History and Culture, Seattle, Washington.
SYSTEMATIC PALEONTOLOGY
Class ACTINOPTERYGII sensu Nelson, 1994
Division TELEOSTEI sensu Nelson, 1994
Order PERCIFORMES sensu Johnson and Patterson. 1993
Suborder SCOMBROIDEI sensu Carpenter et aI., 1995, and
Fierstine and Monsch, 2002
Family incertae sedis
AGLYPTORHYNCHUS Casier, 1966
1909 Cylindracanthus (Glyptorlzynclzus): Leriche, p. 381.
1910 Glyprorhynchus: Leriche, p. 339.
1917 Xiphias?: Eastman, p. 298.
1966 Aglyptorhynchus: Casier, p. 393.
1991 Glyptorhynchus: Pharisat, p. 71.
2001 HemirhabdorhYllchus: Purdy et a!., p. 184.
2001 Aglyptorhynchus: Fierstine. p. 25.
Type Species--Cylindracanthus (Glyptorhynchus) denticula-
tus Leriche, 1909.
Emended Generic Diagnosis-The genus Aglyptorhynchus
differs from other scombroid fishes by having a tripartite occipi-
tal condyle, a maxilla with a large, expanded ventral flange, a
pterotic ridge that is bifurcated posteriorly. an oval-shaped fossa
in the parasphenoid, two sphenotic ridges that are separated by
a fossa, and a well-developed subtemporal fossa. The premaxil-
lae fuse anteriorly into an elongated rostrum that contains (as
seen in cross-section) one to two pairs of large-diameter lateral
nutrient canals. up to five small-diameter canals. and usually an
unpaired central canal: all paired canals gradually taper anteri-
orly to unite into a single pair near the distal tip; the central canal
may be absent near the distal tip. The lower jaw is deeper than
the corresponding section of the rostrum, especially posteriorly.
Longitudinal ridges and sulci cover the dorsal and lateral sur-
faces of the premaxillae and the dorsal surface of the dentaries.
The ventral surface of each premaxilla and the dorsal surface of
each dentary bear a band of villiform denticles (or their alveoli)
approximately 2-20 denticles wide; the two bands of denticles on
the fused segment of the rostrum nearly join together, except for
a narrow edentulous area.
AGLYPTORHYNCHUS COLUMBIANUS, sp. nov.
(Figs. 1, 3-5; Tables 1, 2)
Holotype-LACM 143980, a partial rostrum and lower jaw.
Type Locality and Age-The collection site (LACM 4510) of
the holotype is on the N shore of the Columbia River, in the
northern part of the bay between Grays Point and Knappton,
section 9. T9N. R9W, Knappton quadrangle (USGS), 7.5 minute,
1949 (photorevised 1984). Pacific County, Washington (Fig. 2). It
is one of several sites along the shore of the Columbia River that
has yielded a diverse and well-studied invertebrate fauna
(Moore, 1984b; Goedert and Squires, 1993) and numerous ver-
tebrates (Moore, 1984b:2), including the referred specimens de-
scribed below. Most specimens are found in concretions from the
upper part of the Lincoln Creek Formation that have been trans-
ported downslope in modern landslides and deposited on the
beach terrace (Moore, 1984b). Based on mollusks. as well as
other lines of evidence. Squires and Goedert (1994) concluded
that the upper part of the Lincoln Creek Formation at Knappton
is of late Oligocene age. Moore (1984a, b), however, assigned the
Knappton localities to the earliest Miocene and suggested
(Moore. 1984b) that deposition took place at depths between 100
and 350 m based on mollusks, and 1000 m or greater based on
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FIGURE 1. Partial rostrum and lower jaw of Aglyptorhyl1chus colllmbial1us, sp. nov., holotype (LACM 143980), late Oligocene, Lincoln Creek
Formation, Pacific County, Washington. A, rostrum and lower jaw, right lateral view. B, close-up of tooth row of rostrum and lower jaw, right lateral
view. Scale equals 10 mm (A), 1 mm (B). Abbreviations defined in text.
foraminifers. Sea surface temperatures may have reached 22° to
24° C (Moore, 1984a).
Other Localities-UWBM 4284 is located adjacent to LACM
4510 (type locality) at 46° 17.09'N, 123° 48.l'\¥, Lincoln Creek
Formation, late Oligocene, Pacific County, Washington (Fig. 2B).
Referred Material-From locality UWBM 4284: a posterior
neurocranium and right proximal hyomandibular (UWBM
29536).
Etymology-The epithet columbianus refers to the proximity
of the type locality (LACM 4510) to the Columbia River.
Species Diagnosis-Same as for genus, except rostrum round
(DIW ",1) from the point of fusion of the premaxillae (f) to distal
broken tip; two pairs of large-diameter nutrient canals and a
large diameter central canal; bands of alveoli (or denticles) in
both rostrum and lower jaw are approximately 18 alveoli (or
denticles) wide; lower jaw approximately twice as deep as the
corresponding section of the rostrum. The posterior margin of
the hyomandibular is curved laterally (outward).
DESCRIPTION AND COMPARISON WITH OTHER
EXTINCT AND EXTANT (MOSTLY
SCOMBROID) FISHES
Rostrum and Lower Jaw
The holotype of A. columbianus, sp. nov., consists of middle
segments of both the rostrum and lower jaw that were preserved
in normal position of articulation (Fig. 1). The two elements
were not removed from the matrix and each one will be de-
scribed separately.
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est. 13"
126.0
47.8
28.6
43.5
125.0
8.1
1.5
est. 13"
134.0
38.2
45.5
est. 22.6
22.6
21.5
23.4
23.9
10.0
circa 18*
circa 18"
Measurementsl
counts
Rostrum
Structures
Greatest (actual) length
Greatest depth at proximal (posterior) end
Greatest width at proximal end
Depth at distal (anterior) end
Width at distal end
Length of fused portion from broken tip
wf (measured from CT image)
dE (measured from CT image)
Width of right tooth row at distal end
Number of denticles or alveoli across right
tooth row at distal end
Width of denticle free space between right and
left tooth rows at distal end
Number of longitudinal ridges/lO mm on right
side of rostrum
Lower jaw
Greatest (actual) length of right ramus
Greatest depth of right ramus
Greatest width across both rami at distal end
Depth of righl ramus at distal end
Length of tooth row of right ramus
Width of right tooth row at distal end
Number of denticles across right tooth row at
distal end
Number of longitudinal ridges/10 mm on right
side of lower jaw
TABLE 1. Selected counts and measurements of the rostrum and
lower jaw of Aglyplorhynchus columb/anus, sp. nov., holotype (LACM
143980), Lincoln Creek Formation, late Oligocene, Washington.
Measurements in mm. Counts indicated by an asterisk ("). See text for
definition of abbreviations.
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FIGURE 2. Map of southwestern \Vashington and northwestern Or-
egon indicating collection sites of Aglyplorhynchus columbianus, sp.
nov., holotype (LACM 143980) and referred specimen (UWBM 29536),
late Oligocene, Lincoln Creek Formation, Pacific County, Washington
(localities LACM 4510 and UWBM 4284, respectively), and specimen of
Aglyplorhynchus sp. (UWBM 40763) presumably collected from strata in
the Lincoln Creek Formation (locality UWBM A8967). A, overall view
(modified from Moore, 1984b). B, collection sites on the Columbia
River, Pacific County, Washington (modified from Knappton Quad-
rangle, U.s.G.s. 1949). Scale as indicated.
The rostral segment (Figs. 1,3; Table 1) is 134 mm long and
composed of two premaxillary rami that are separated proxi-
mally, but fused together 21.5 mm from the distal broken end.
The rostral segment is complete except for a large patch of su-
perficial bone that is missing on the right mid-lateral side, several
small patches missing on the left lateral side, and the absence of
bone along the dorsal mid-line. The rostrum has a proximal
width of 45.5 mm and depth of 38.2 mm. The fused portion is
nearly round in cross-section with a width and estimated depth
both measuring 22.6 mm at the distal end. The ventral surface of
each premaxillary ramus has a wide tooth row that continues
distally onto the fused segment (Fig. 1). The right and left tooth
rows nearly unite into a single row across the mid-line, except for
a narrow denticle-free space that measures 1.5 nun at the distal
end. Counting transversely at the distal (anterior) end of the
specimen, each tooth row contains approximately 18 villiform
denticles (or their alveoli). The external surfaces of the premax-
illae are covered with approximately 13 longitudinal ridges and
sulci for each 10 mm of surface area.
Well-developed denticles (villiform teeth) cover the ventral
and part of the dorsal surfaces of the rostra of most istiophorids
and the ventral surface of the rostra of Xiphiorhynchus. The
denticles are arranged in two rows on the ventral surface of the
rostra of Aglyptorhynchus (Fierstine, 2001; Fierstine and Mon-
sch, 2002), but absent in adult Xiphias. Fierstine and Monsch
(2002) were unable to determine if the denticles of Blochius were
in grooves, or in single or multiple rows. Longitudinal ridges and
sulci are absent on the rostra of all extant billfishes, Palaeorhyn-
chus and Xiphiorhynchus, but are present on the rostra of Ag-
lyptorhynchus and Blochius.
As seen in cross-section (Fig. 3), the fused portion of the ros-
trum contains two types of longitudinal canals, an unpaired cen-
tral canal (cc) and two pairs of lateral nutrient canals (nc). Only
Xiphiorhynchus has a canal system similar to that of Aglypto-
rhynchus. Istiophorids and Xiphias have only one pair of nutri-
ent canals. A central chamber (homologue of the central canal)
is present in Xiphias, whereas the central canal is absent in is-
tiophorids. It is not known whether the rostra of Blochius, Hem-
ingwaya, and Palaeorhynchus possess longitudinal canal systems
(Fierstine and Monsch, 2002; Sytchevskaya and Prokofiev, 2002).
Because the distal portion of the rostrum of A. columbianus is
missing, it is impossible to determine if the canals unite distally
into a single pair of canals as seen in A. maxillaris (Table 2). The
right dorsal canal is slightly larger than the right ventral canal
(Figs. 3A, B) in A. columbianus, but this size difference is prob-
ably due to individual variation and is not of systematic impor-
tance. Fierstine and Voigt (1996) showed that the central cham-
ber of Xiphias and the nutrient canals of istiophorids displayed
intraspecific variation in placement, presence, and size.
The rostrum of A. columbianus differs from the rostra of all
other species of Aglyptorhynchus by a combination of characters
that are listed in the species diagnosis (see also Fierstine,
2001:table 3). Table 2 lists three species of Aglyptorhynchus with
rostra that are most similar to the Lincoln Creek specimen and
that are found in the Oligocene. None of the three species have
a central canal, both A. maxillaris and A. robustus have rostra
with horseshoe-shaped cross-sections, and both A. maxillaris and
A. denticulatus have more narrow rows of alveoli (denticles).
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FfGURE 3. Rostrum and lower jaw of Aglyplorhynchus columbianus, sp. nov., holotype (LACM 143980) and neurocranium of referred specimen
(UWBM 29536), late Oligocene, Lincoln Creek Formation, Pacific County, Washington. A, rostrum and lower jaw, anterior view. B, close-up of
anterior tip of rostrum illustrating the canal system. C, computer tomography image through cranial cavity and posterior myodome of the neuro-
cranium. Scale equals 10 mm (A), 5 mm (B), 15 mm (C). Abbreviations defined in text.
If the holotype of A. columbianus was more complete, I pre-
dict the posterior part of the rostrum would have a maxilla mor-
phologically similar to the maxilla of A. maxillaris (Fierstine,
2001) and maxillae of five specimens of Aglyptorhynchus (ChM
GPV685, PV5990, PV6951, PV6989, and PV6995) from the mid-
Oligocene of South Carolina (Fierstine and Weems, pers. obs.).
That is, it would be composed of a pair of well-developed max-
illae and each maxilla would terminate posteriorly in a flat flange
situated at right angles to the main axis of the maxilla. The dorsal
margin of each maxilla would contain one or two condyles pre-
sumably for articulation with the ethmoid. Bannikov (1993) de-
scribed and figured a small ventral maxillary flange in Palaeo-
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TABLE 2. Morphological comparison of the rostrum of Aglyptorhynchus columbianus, sp. nov., holotype (LACM 143980), with the holotypes of
three other species of Aglyptorhynchus, each with a rostrum of similar morphology and/or chronological range (modified from Fierstine, 2001:
table 3). Abbreviations defined in text.
A. columbianus
sp. nov.
LACM 143980
PREMAXILLAE
(FUSED REGION)
Shape of X.S. Round; distally
Dentides (alveoli) 2 rows, each -18 alveoli
wide; ? groove between
rows proximally or nar-
row space distally
Canals Central; two pairs of large
diameter nutrient canals
both proximally and
distally
Unusual feature(s) Wide rows of alveoli
FORMATTON OR Lincoln Creek Fm, WAI
LOCALITY/AGE late Oligocene
A. maxillaris
(Fierstine, 2001)
UCMP 123170
Horseshoe-shape, flat ven-
trally; dorsal keel mid-
anteriorly; D/W =: 1 ex-
cept for region of keel
where D/W > 1
2 rows, each -6-11 alveoli
wide; shallow groove
between rows
No central; two pairs of
large diameter nutrient
canals proximally, one
pair distally
Keel on dorsum of distal
rostrum; maxillary with
a tuberosity and flange
Yaquina Fm, ORI
late Oligocene
A. denticulatus
(Leriche, 1909)
TRSNB 882b
D/W =: 1
2 rows, each -2-10
alveoli wide; shallow
groove between rows
No central; one pair of
small canals
Only one pair of canals
Belgian Basinl
early Oligocene
A. robustus
(Leidy, 1860)
AMNH 3087
Horseshoe-shaped, flat ven-
trally; D/W < 1 posteriorly;
D/W > 1 anteriorly
2 rows, each 10-18 alveoli
wide; groove (proximally)
or narrow space (distally)
between rows
No central; 9 unequal-sized
nutrient canals not arranged
into pairs
Wide rows of alveoli
Ashley River Fm, SCI
late Oligocene
rhynchus parini Bannikov, 1993, and Monsch (pers. comm., Oct.,
2003) noted a small ventral flange in Pseudotetrapturus; however,
they are much smaller than the 71 mm flange of A. maxillaris.
Although there are many fishes representing numerous orders
with an expanded posterior end of the maxilla (see figures in
Gregory, 1933; Nelson, 1994), to the best of my knowledge, Pa-
laeorhynchus, Pseudotetrapturus, and Aglyptorhynchus are the
only known fishes with a downturned expansion.
The lower jaw (Fig. lA) is a poorly preserved middle segment
composed of a 126 mm long right dentary and a 136 mm long left
dentary. The right dentary is better preserved than the left with
at least half of its superficial bone, most of its tooth row, and
possibly all of its distal ventral margin complete. The number of
denticles across the right tooth row (circa 18) and the number of
longitudinal ridges and sulci for each 10 mm of surface area (est.
13) are identical in number to those of the rostrum (Table 1).
The depth of the lower jaw is much greater than (nearly twice)
the depth of the rostrum at the same level (Figs. lA, 3). For
example, the depth of the left dentary at its distal end is 43.5 mm,
whereas the depth of the distal rostrum is approximately 22.6
mm (Table 1).
There are no published accounts of a lower jaw in Aglypto-
rhynchus with which to compare the Lincoln Creek specimen;
however, a deep lower jaw is not unexpected in a fish with a large
ventral projecting maxillary flange. In all known percomorphs,
the maxilla has a ligamentous attachment with the lower jaw
(Lauder, 1982; Motta, 1984) and does not project below it. The
lower jaw of Palaeorhynchus parini is very deep posteriorly com-
pared to the rostrum and anterior part of the lower jaw (Banni-
kov, 1993).
Neurocranium
Only the posterior neurocranium from approximately mid-
orbit to the occipital condyle is preserved (Figs. 3C, 4, 5). The
right side is fairly complete, whereas most of the left side is
missing. Its greatest (actual) width, depth, and length is 116 mm,
130 mm, and 90 mm, respectively. I estimate its greatest width
was approximately 130 mm and the greatest width accross the
occipital condyle was 33.4 mm. Superficially, the posterior neu-
rocranium is morphologically similar to one from a similar-sized
istiophorid. Because the detailed morphology of the Lincoln
Creek specimen is nearly identical to the morphology, when pre-
served, of six posterior neurocrania of Aglyptorhynchus (ChM
PV4751, PV4752, PV6942, PV6944, PV6948, PV6958) from the
mid-Oligocene of South Carolina (Fierstine and Weems, pers.
obs.), only differences in the Lincoln Creek and South Carolina
specimens are noted.
In dorsal view (Figs. 4A, 5A), both the exoccipitals and the
supraoccipital contribute to a supraoccipital crest (sc) that ex-
tends along the mid-line from the foramen magnum to the bro-
ken anterior edge of the skull roof. Because of the poor preser-
vation in this area, I am unable to determine the crest's original
height. The supraoccipital is relatively flat laterally, but becomes
elevated into a peak near the midline. A supraoccipital crest is
present in most scombrids, weakly developed in Hemingwaya,
and absent in Blochius, palaeorhynchids, istiophorids, and Xi-
phias (Monsch, 2000; Fierstine and Monsch, 2002; Sytchevskaya
and Prokofiev, 2002). There is no evidence that the supraoccipi-
tal becomes thin or contains a foramen to form a pineal window.
A shallow supratemporal fossa or groove (suf) is present be-
tween the supraoccipital crest and temporal ridge (ter). The tem-
poral ridge extends from the parietal to terminate at the postero-
lateral process of the epiotic (Fig. 5A). A more lateral and ven-
tral crest, the pterotic ridge (ptr), extends from the frontal to
terminate posteriorly at the bifurcated postero-lateral processes
of the pterotic. A well-developed temporal fossa (tef) is located
between the temporal and pterotic ridges. Temporal and pterotic
ridges are present in all extant scombrids and billfishes, but are
unstudied in most extinct billfishes primarily because of poor
preservation. The bifurcated pterotic ridge differentiates Ag-
lyptorhynchus from the condition in extant scombrids and extant
billfishes.
In lateral view (Figs. 4B, 5B), the temporal and pterotic ridges
and the dilatator (dif) and temporal fossae (tef) are prominent
structures. In addition, two ridges (asr, psr) curve posteroven-
trally from the frontal and sphenotic (and possibly the pteros-
phenoid). A deep fossa is formed between the two ridges. The
posterior ridge (psr) is more pronounced than the anterior ridge
(asr) and forms the postero-dorsal margin of the orbit. I was
unable to determine if the pterosphenoid contributed to part or
all of the anterior ridge. The sphenotic contains a deep circular
fossa (spf) for the anterior head of the hyomandibular and the
pterotic has a deep, oval-shaped fossa (ptf) for the posterior head
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FfGURE 4. Neurocranium and right hyomandibular of AgLyplorhynchus co{w71bianus, sp. nov., referred specimen (UWBM 29536), late Oligocene,
Lincoln Creek Formation, Pacific County, Washington. A, neurocranium, dorsal view. B, neurocranium, right lateral view. C, neurocranium, ventral
view. D. neurocranium, posterior view. E. right hyomandibular, lateral view. Known sutures of the neurocranium have been emphasized in white.
Scale equals 20 mm (A-D), 10 mm (E). Abbreviations defined in text.
of the hyomandibular. A deep dilatator fossa (dif) is present
between the posterior sphenotic ridge anteriorly, the two articu-
lar fossae for the hyomandibular ventrally, and the pterotic ridge
dorsally. The posterior sphenotic ridge, fossae for the two heads
of the hyomandibular, and the dilatator fossa are typically found
in all extant scombrids and billfish. However, the anterior sphen-
otic ridge and the fossa between the two sphenotic ridges are
absent in extant scombroids, and it is unknown whether extinct
biJifishes other than Aglyplorhynchus possess them.
In ventral view (Figs. 4C, 5C), there are several prominent
features: a midline ridge formed by the unpaired basioccipital
and parasphenoid, an oval-shaped fossa (fo) in the parasphenoid,
a pair of deep subtemporal fossae (subf), one on either side of
the midline ridge, fossae for the two heads of the hyomandibular,
and two more or less round fossae (fo), one anterior and the
other ventral to the sphenotic fossa. The oval-shaped fossa that
is totally enclosed in the parasphenoid, the subtemporal fossa,
and the two round fossae anterior to each sphenotic fossa are not
found in extant and unknown in extinct scombroids other than
Aglyptorhynchus. The only neurocranium of Aglyptorhynchus
from the mid-Oligocene of South Carolina with a well-preserved
parasphenoid (ChM PV6942) has a pair of foramina (Fierstine
and Weems, pel's. obs.), thus a single, oval-shaped fossa may be
an autapomorphy of A. columbianus.
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FIGURE 5. Labeled interpretation of the neurocranium of Aglyplorhynchus columbianus, sp. nov., referred specimen (UWBM 29536), late
Oligocene, Lincoln Creek Formation, Pacific County, Washington. Left side of specimen has been reconstructed from the right side. A, left lateral
view. 8, dorsal view. C, ventral View. D, posterior view. Abbreviations defined in text.
In posterior view (Figs. 40, 50), the outline of the neurocra-
nium is an upside-down isosceles triangle with the skull roof as
the base and the basioccipital as the apex of the two equal sides.
Five bones (paired epiotics, pterotics, intercalars, and exoccipi-
tals, and the upaired basioccipital) are visible in this view. The
epiotic has a well-developed postero-Iateral process presumably
for articulation with the dorsal ramus of the posttemporal.
A well-developed temporal fossa (tef) is present between the
epiotic and pterotic. The lateral ridge of the pterotic is bifurcated
at its posterior end. The celous occipital condyle (oc) is tripar-
tite, its ventral one-third composed of the basioccipital and its
dorso-Iateral two-thirds composed equally of the Jeft and right
exoccipitals. The paired exoccipitals join at the mid-line to form
both the roof and floor of the foramen magnum (fm). Each
exoccipital articulates dorso-Iaterally with the epiotic and
laterally with the interca\ar and pterotic. Posteriorly, each ex-
occipital forms a shallow posttemporal fossa (pof) lateral to the
occipital condyle. Each intercalar has a pronounced short pro-
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cess presumably for articulation with the ventral ramus of the
posttemporal.
A celous occipital condyle that is formed by the basioccipital
and the paired exoccipitals is found in the Osteoglossomorpha
(Stewart, 1999), possibly the Protacanthopterygii (Chapman,
1941,1942,1944; Rosen, 1985), aulopiforms (Goody, 1969), Poly-
mixiomorpha (Patterson, 1964), and beryciforms (Starks, 1904;
Patterson, 1964). Rosen and Patterson (1969:448) stated that the
tripartite occipital condyle with a central pit is the primitive con-
dition in the paracanthopterygians. Fink (1984:204-205), who
quoted in part from Fink and Weitzman (1982), considered sal-
monids to be neoteleosts based on the exoccipital forming part of
the occipital condyle. Until now a tripartite celous occipital con-
dyle has never been described in a non-beryciform percomorph
fish.
In anterior view (unfigured), the large opening for the poste-
rior myodome and the Y-shaped basisphenoid are visible fea-
tures. The posterior myodome (Fig. 3C) is similar morphologi-
cally to the myodome of istiophorids and xiphiids. The upper
part of the Y of the basisphenoid forms the floor of the cranial
cavity and the single limb of the Y forms a strut that articulates
with the parasphenoid. This morphology is similar to that ob-
served in extant scombrids (Allis, 19m; Conrad, 1938; Gibbs and
Collette, 1967; Collette and Chao, 1975; Collette and Russo,
1984) and istiophorids (Gregory and Conrad, 1937; Davie, 1990).
In Xiphias, the basisphenoid is small, does not complete the floor
of the cranial cavity, and lacks the vertical strut to the parasphe-
noid (Nakamura, 1983). The morphology of the basisphenoid
and posterior myodome is unknown in Blochius, Palaeorhyn-
chus, and Xiphiorhynchus.
Hyomandibular
A proximal fragment of the right hyomandibular (Fig. 5E) was
removed from the sphenotic and pterotic fossae during prepara-
tion of the neurocranium. Because this is the first record of a
hyomandibular for Aglyptorhynchus, a detailed description is
warranted in spite of its fragmentary condition. The specimen
has a maximum width of 59 mm and a depth of 28 mm from the
sphenotic condyle to the broken ventral border. The sphenotic
(spc) and pterotic (ptc) condyles mirror the shape of their re-
spective fossae in the neurocranium, except that the posterior
margin of the sphenotic condyle is missing so that it is oval rather
than round. The longest (undamaged) axis of the sphenotic con-
dyle is 19 mm and the surface of the pterotic condyle has a long
axis of 32 mm and short axis (measured in the center of the
condyle) of 11.5 mm. The sphenotic condyle projects anteriorly
on a short neck at a 42° angle to the long axis of the pterotic
condyle. There are two shallow notches, one between the two
condyles that interdigitates with the posterior rim of the sphen-
otic fossa, and the other at the posterior margin of the pterotic
condyle that interdigitates with the posterior rim of the pterotic
fossa. The posterior margin of the hyomandibular curves later-
ally (outward) and its dorsal corner is round; however, the corner
has a broken edge that could have contained a posteriorly pro-
jecting spine or sharp angle in the undamaged state. The proxi-
mal hyomandibular lacks a lateral keel (crest) for articulation
with the preopercle. It would be premature to conclude that the
complete hyomandibular lacked a keel, because it could have
been an extension of the distal hyomandibular that was not pre-
served.
In most scombroids, including Aglyptorhynchus colllmbianlls.
the pterotic condyle is larger (long axis) than the sphenotic con-
dyle (de Sylva, 1955; Collette and Chao, 1975; Collette and
Russo, 1984; Fierstine, pel's. obs.). Exceptions include Scomber,
where the condyles have a similar size (Allis, 1903), and BlochillS
(BMNH P4142), where the sphenotic condyle is the larger ele-
ment (Fierstine, pers. obs.). No scombroid, other than A. colzlln-
bianlls, has a lateral curve in the posterior margin of the hyo-
mandibular. All scombroids, other than Blochius and possibly A.
columbianus, have a lateral keel (usually L-shaped) (Allis, 1903;
de Sylva, 1955; Collette and Chao, 1975; Collette and Russo,
1984; Fierstine. pers. obs.) and most scombroids, except Blochius
and possibly A. columbianlls, have the posterodorsal corner of
the hyomandibular attenuated into a spine or sharp angle. The
morphology of the hyomandibular of Hemingwaya, Palaeorhyn-
chus, and Pseudotetrapturus is unknown.
AGLYPTORHYNCHUS sr.
(Fig. 6)
Material-From locality UWBM A8967: ten articulated ver-
tebrae (UWBM 40763).
Locality-UWBM A8967 is located at 46° 17.2'N, 123° 47.9'W
and the label and catalogue list the specimen in the Astoria
Formation, earliest Miocene (Fig. 2B). According to J. Goedert
(pel's. comm., Feb., 2003), both the longitude/latitude data and
the written directions on file at UWBM (0.5 mi E of roadside
park near old site of Knappton) place it clearly in the Lincoln
Creek Formation as mapped by Wells (1989), late Oligocene,
Pacific County, Washington.
Vertebrae
The vertebrae are identified only to genus for three reasons.
The exact locality and age of the specimens are controversial,
scombroid vertebrae usually lack species specific characters
(Fierstine, 2()(1l; Schneider and Fierstine, 2004), and vertebrae
of Aglyptorhynchlls are poorly known (see discussion below).
Specimen UWBM 40763 consists of ten articulated caudal ver-
tebrae (Figs. 6A-C). The first and last vertebrae in the series are
only partially preserved, whereas the middle eight vertebrae are
more or less complete, except for the distal extensions of their
neural and hemal spines. It is difficult to tell if vertebra 2 is the
first caudal or last precaudal vertebra because the hemal arch is
incomplete (Fig. 6B). In general, all the centra are cube-shaped
(i.e., length, width, and height of each centrum have similar mea-
surements) and all vertebrae, except the incomplete tenth, have
expanded neural spines. The neural spines (ns) of the anterior
vertebrae were probably much broader in a complete specimen.
Vertebrae 3-9 (and possibly the tenth) have expanded hemal
spines (hs). Each of the eight anteriormost centra has a shallow
fossa both dorsal and ventral to a low, mid-lateral keel. The ninth
and tenth centra lack a keel and the centra are etched with
several small fossae. The dorsal (dprz) and ventral (vprz) prezyg-
apophyses are well-developed, especially on vertebrae 4-9. Dor-
sal postzygapophyses (dpoz) are present on vertebrae 1-9. Be-
cause the hemal spine of the tenth vertebra tends to point pos-
teroventrally (Fig. 6C), then there are probably only three to five
more caudal vertebrae, including the hypural, in the complete
vertebral column. This supposition is based on the fact that in
scombrids and extant billfishes, the last 4-5 vertebrae possess
hemal and neural spines that have a more oblique angle than the
more anterior spines. Thus, if the second vertebra of specimen
UWBM 40763 is the first caudal, then I predict that there would
be a total of 12 to 15 caudal vertebrae in A. colllmbianus. This
range of values is similar to the number of caudal vertebrae in
istiophorids (12 or 13), Xiphias (10 or 11), and Blochius (11-13)
(Nakamura, 1983; Fierstine and Monsch, 2002), but much less
than the number in Palaeorhynchlls parini (37) or P. glarisianus
Blainville 1818 (35-36) (Pharisat, 1991; Bannikov, 1993). Scom-
brids have a variable number of caudal vertebrae (17-32) (Col-
lette et aI., 1984), Hemingwaya has approximately 32 caudal ver-
tebrae (Sytchevskaya and Prokofiev, 2002), and the number of
vertebrae in Xiphiorhynchus is unknown.
In the only well-documented account of vertebrae belonging
to Aglyptorhynchlls, Leriche (1910) described and illustrated
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FIGURE 6. Ten articulated caudal vertebrae (UWBM 40763) of AglyplOrhynclws sp., presumably collected in the Lincoln Creek Formation. late
Oligocene, Pacific County, Washington. A, vertebral column, left lateral view. B. close-up of vertebrae 2 and 3. C, close-up of vertebrae 8 and 9. Scale
equals 20 mm (B), 10 mm (C, D). Abbreviations defined in text.
three precaudal (plate 25, figs. 4-6) and eight caudal vertebrae
(text figs. 137-144) that were associated with the rostra of A.
denticulatus. The morphology of vertebra 2 from Knappton is
nearly identical to one illustrated by Leriche (1910:fig. 137) and
vertebra 9 from Knappton is similar to two others illustrated by
Leriche (1910:figs. 138 and 139). Thus, there is no doubt that the
vertebrae collected near Knappton belong to AglyplOrhynchus.
GENERAL DISCUSSION AND CONCLUSIONS
Because Aglyptorhynchus has its premaxillaries elongated into
a non-protrusible rostrum, there is little debate that the genus is
a billfish within the Suborder Scombroidei. However, within the
suborder, Aglyptorhynchus has been included in the Xiphiidae
(Casier, 1966), Tetrapturidae (Schultz, 1987), and ?Bjochiidae
(Fierstine, 2001; Fierstine and Monsch, 2002). A close relation-
ship with anyone of these families is equivocal. Fierstine and
Voigt (1996) concluded that the Tetrapturidae was defined on
variable characters and noted that the type genus (Pseudotetrap-
turus) is a synonym of Tetrapturus (Nakamura, 1983; Eschmeyer
and Bailey, 1990), one of three extant genera included in the
Istiophoridae (Nakamura, 1983). Very few synapomorphies are
known to link Aglyptorhynchus with other scombroids. The ros-
trum of Aglyptorhynchus has a nutrient canal system that is mor-
phologically similar to the rostrum of Xiphiorhynchus (Xi phi-
idae), has longitudinal ridges and sulci similar to Blochius (Blo-
chiidae), and has a maxillary flange and probably a deep lower
jaw similar to Palaeorhynchus and Pseudotetrapturus (Palaeo-
rhynchidae). AglyplOrhynchus has several autapomorphies: a tri-
partite celous occipital condyle, a subtemporal fossa, an oval-
shaped fossa in the parasphenoid, two fossae adjacent to the
sphenotic fossa, two sphenotic ridges with a fossa in between,
and a bifurcated pterotic ridge. Rather than include AglyplO-
rhynchus in one of the above families (Blochiidae, Palaeorhyn-
chidae, or Xiphiidae) based on very few synapomorphies, or
erect a new family based on its abundant autapomorphies and
lack of unequivocal synapomorphies, it seems prudent to place
Aglyptorhynchus in Scombroidei, family incertae sedis, until bet-
ter preserved specimens of AglyplOrhynchus yield additional
morphological information to support a detailed phylogenetic
analysis.
ACKNOWLEDG MENTS
I am indebted to J. Goedert (UWBM) for bringing the type
specimen (LACM 143980) to my attention and for graciously
providing me with locality data and pertinent references. D. Ca-
tania (CAS), R. Feeney, J. Seigel, and J. D. Stewart (LACM), J.
Rensberger (UWBM), and A. Sanders (ChM), gave me access to
specimens in their custody. I profited greatly from discussions
with G. Arratia (Museum fOr Naturkunde del' Humboldt Uni-
versitiit, Berlin, Germany) and J. D. Stewart (LACM) on the
tripartite occipital condyle and from references they provided. J.
Goedert (UWBM), K. Monsch (University of Wroclaw, Poland),
and two anonymous reviewers deserve special credit for preview-
ing an earlier version of the manuscript and offering suggestions
for improvement. F. Vernacchia (San Luis Diagnostic Center)
furnished computer tomography (CAT) scans at minimal cost,
and J. McLaughlin (California Polytechnic State University, San
Luis Obispo, California) assisted with data retrieval. A. fierstine
offered support and encouragement throughout the study.
298 JOURNAL OF VERTEBRATE PALEONTOLOGY, VOL. 25, NO.2, 2005
LITERATURE CITED
Allis, E. P" Jr., 1903. The skull. and the cranial and the first spinal
muscles and nerves in Scolllber .\Comber. Journal of Morphology
18(1 and 2):45-328.
Bannikov, A. F. 1993. A new species of the genus Palaeorhynchus (Per-
ciformes, Palaeorhynchidae) from the Upper Eocene in the North-
ern Caucasus. Journal of Ichthyology 33(3):50-56.
Berggren, W. A., D. V. Kent, C. C. Swisher, lIT, and M.-P. Aubry. 1995.
A revised Cenozoic geochronology and chronostratigraphy; pp.
129-212 in W. A. Berggren, D. V. Kent, M.-P. Aubry, and J. Hard-
enbol (eds.). Geochronology, Time Scales and Global Stratigraphic
Correlation. Society of Sedimentary Geology, Special Publication
54.
Blainville, H. M. de. 1818. Sur les ichthyolites ou Ie poissons fossils; pp.
310-395 in Nouveau Dictiont~aire d'Histoire Naturelle, Appliquee
aux Arts, a l'Agriculture, a l'Economie Rurale et Domestique, a la
Medicine. Deterville, Paris.
Carpenter, K E" B. B. Collette, and J. L. Russo. 1995. Unstable and
stable classifications of scombroid fishes. Bulletin of Marine Science
56:379-405.
Casier, E. 1946. La faune ichthyologique de I'Ypresien de la Belgique.
Memoires du Musee Royal d'Histoire Naturelle de Belgique 104:
1-267.
Casier, E. 1966. Faune ichthyologique du London Clay. London, British
Museum (Natural History), 2 vols., 496 pp.
Chapman, W. L. 1941. The osteology and relationships of the isospon-
dylous fish Plecoglossus altivelis Temminck and Schlegel. Journal of
Morphology 68(3):425-455.
Chapman, W. L. 1942. The osteology and relationship of the bathy-
pelagic fish Macropinna microsloma. Annals and Magazine of Natu-
ral History, Series 11 9:272-304.
Chapman, W. L. 1944. On the osteology and relationships of the South
American fish, Aplochilon zebra Jenyns. Journal of Morphology
75(1): 149-165.
Collette, B. B., and L. N. Chao. 1975. Systematics and morphology of the
bonitos (Sarda) and their relatives (Scombridae, Sardini). Fishery
Bullctin 73:516-625.
Collette, B. B.. T. Potthoff, W. J. Richards, S. Ueyangi, J. L. Russo, and
y. Nishikawa. 1984. Scombroidei development and relationships;
pp. 591-620 in H. G. Moser et al. (eds.) Ontogeny and Systematics
of Fishes. Special Publication No.1, Supplement to Copeia, Ameri-
can Society of Ichthyologists and Herpetologists.
Collette, B. B., and J. L. Russo. 1984. Morphology, systematics, and
biology of the Spanish mackerels (Scomberomorus, Scombridae).
Fishery Bulletin 82:545-592.
Conrad, G. M. 1938. The osteology and relationships of the Wahoo
(Acanthocybium solandri), a scombrid fish. American Museum No-
vitates 1000:1-32.
Danil'chenko, P. G. 1962. Bony fishes of the Maikop Deposits of the
Caucasus. (Originally in Russian, translated by A. Mercado, Israel
Program for Scientific Translations, Jerusalem, 1967). Trudy Pale-
ontologischeskogo Instituta: Akademiya Nauk, SSR 78:1-248.
Darteville, E., and E. Casier. 1949. Les poissons fossiles du Bas-Congo et
des regions voisines. (Deuxieme Partie). Annales du Musee royal du
Congo Beige, Ser. A 2:201-256.
Davie, P. S. 1990. Pacific Marlins, Anatomy and Physiology. Massey
University Press, Palmerston North, New Zealand, 88 pp.
de Sylva, D. P. 1955. The osteology and phylogenetic relationships of the
blackfin tuna, Thunnus allamicus (Lesson). Bulletin of Marine Sci-
ence of the Gulf and Caribbean 5(1):1-41.
Eastman, C. R. 1917. Fossil fishes in the collection of the United States
National Museum. Proceedings of the United States National Mu-
seum 52(2177):235-304.
Eschmeyer, W. N., and R. M. Bailey. 1990. Genera of recent fishes; pp.
7-433 in W. N. Eschmeyer (ed.). Catalog of the Genera of Recent
Fishes. California Academy of Sciences, San Francisco.
Fierstine, H. L. 2001. A new tAglyptorhynchus (Perciformes: Scombroi-
dei: tBlochiidae) from the late Oligocene of Oregon. Journal of
Vertebrate Paleontology 21:24-33.
Fierstine, H. L., and S. P. Applegate. 1974. Xiphiorhynchus kimblalocki,
a new billfish from the Eocene of Mississippi with remarks on the
systematics of xiphioid fishes. Bulletin of the Southern California
Academy of Sciences 73:14-22.
Fierstine, H. L., and K. A. Monsch. 2002. Redescription and phylogenetic
relationships of the Family Bloehiidae (Perciformes: Scombroidei),
middle Eocene, Monte Bolea, Italy. Miscellanea Paleontologica,
Studi e Ricerche sui Giacimenti Terziari di Bolea, Museo Civieo di
Storia Naturale di Verona 9:121-163.
Fierstine, H. L., and F. Pfeil. 2002. A new species of xiphiorhynchid
billfish (Perciformes: Scombroidei) from the Austrian Alps (early
Oligocene). Journal of Vertebrate Paleontology 22(3, Supplement):
53A.
Fierstine, H. L., and N. L. Voigt. 1966. Use of rostral characters for
identifying adult billfishes (Teleostei: Perciformes: Istiophoridae
and Xiphiidae). Copeia 1966:148-161.
Fierstine, H. L., and R. E. Weems. 2004. A fine catch of billfish from the
Oligocene of South Carolina. Journal of Vertebrate Paleontology
24(3, Supplement):57A.
Fink, W. L. 1984. Basal euteleosts: relationships; pp. 202-206 in H. G.
Moser et al. (eds.) Ontogeny and Systematics of Fishes. Special
Publication No.1, Supplement to Copeia, American Society of Ich-
thyologists and Herpetologists.
Fink, W. L., and S. H. Weitzman. 1982. Relationships of the stomiiform
fishes (Teleostei), with a description of Diplophos. Bulletin of the
Museum of Comparative Zoology, Harvard University 150(2):
31-93.
Gibbs, R. H., Jr., and B. B. Collette. 1967. Comparative anatomy and
systematics of the tunas, genus Thunnus. U. S. Fish and Wildlife
Service Fishery Bulletin 66:65-130.
Goedert. J. L., and R. L. Squires. 1993. First Oligocene records of Ca-
lyplOgena (Bivalvia: Vesicomyidae). The Veliger 36(1):2-77.
Goody, P. C. 1969. The relationships of certain upper Cretaceous teleosts
with special reference to the myctophids. Bulletin of the British
Museum (Natural History), Geology Supplement 7:1-255.
Gregory, W. K 1933. Fish skulls, a study of the evolution of natural
mechanisms. Transactions of the American Philosophical Society
23:75-481.
Gregory, W. K, and G. M. Conrad. 1937. The comparative osteology of
the swordfish (Xiphias) and the sailfish (Isliophorus). American
Museum Novitates 952:1-25.
Johnson, G. D., and C. Patterson. 1993. Percomorph phylogeny: a survey
of acanthomorphs and a new proposal: pp. 554-626 in G. D. Johnson
and W. D. Anderson, Jr. (eds.), Proceedings of the Symposium on
Phylogeny of Percomorpha, June 15-17, Held in Charleston, South
Carolina at the 70th Annual Meeting of the American Society of
Ichthyologists and Herpetologists. Bulletin of Marine Science 52( I):
1-629.
Lacepede, B. G. E. 1801. Histoire naturelle des poissons. Volume 3.
Plassan, Imprimeur-Libraire, Paris, France, 558 pp.
Lacepede, B. G. E. 1802. Histoire naturelle des poissons. Volume 4.
Plassan, Imprimeur-Libraire, Paris, France, 728 pp.
Lauder, G. V. 1982. Patterns of evolution in the feeding mechanism of
actinopterygian fishes. American Zoologist 22:275-285.
Leggi, M.. and P. May (eds.). 1994. Vertebrate Paleontological Tech-
niques, Vol. 1. Cambridge University Press, Cambridge, 344 pp.
Leidy, J. l1i56. Indications or twelve species of fossil fishes. Proceedings
of the Philadelphia Academy of Natural Science 7:395-397.
Leidy, J. 1860. Description of vertebrate fossils; pp. 99-122 in F. S.
Holmes (ed.) (1858-1860), Post-pleiocene fossils of South Carolina.
Russell and Jones, Charleston.
Leriche, M. 1909. Note Preliminaire sur des Poissons nouveaux de
L'Oligocene beige. Bulletin de la Societe Beige de Geologic, de
Paleontologic et d'Hydrologie. Proces-Verbaux 22:378-384.
Leriche, M. 1910. Les Poissons Oligocenes de la Belgique. Memoires du
Musee Royal d'Histoire Naturelle de Belgique 5:1-363.
Leriche, M. 1926. Deux Glyplorhynchus nouveaux de Bruxellien
(Eocene moyen) du Brabant. Annales de la Societe Royale
Zoologique de Belgique 56(1925):121-124.
Leriche. M. 1936. Les Poissons du Cretace et du Nummulitique de
l'Aucle. Bulletin de la Societe Geologique de France 6:375-402.
Linnaeus, C. 1758. Systema Naturae. Ed. X. Holmiae, 824 pp.
Monsch, K. A. 2000. The phylogeny of scombroid fishes. Unpublished
Ph.D. dissertation, University of Bristol, England, 272 pp.
Moore, E. J. 1984a. Middle Tertiary molluscan zones of the Pacific
Northwest. Journal of Paleontology 58:718-737.
Moore, E. J. 1984b. Molluscan paleontology and biostratigraphy of the
lower Miocene upper part of the Lincoln Creek Formation in south-
western Washington. Natural History Museum of Los Angeles
County, Contributions in Science 35:1-42.
FIERSTINE-LATE OLIGOCENE AGLYPTORHYNCHUS 299
Motta, P, J. 1984. Mechanics and functions of jaw protrusion in teleost
fishes: a review. Copeia 1984:1-18.
Nakamura, l. 1983. Systematics of billfishes (Xiphiidae and Istiophori-
dae). Publications of the Seto Marine Biological Laboratory 28:
255-396.
Nelson, J. S. 1994. Fishes of the World, 3rd ed. John Wilcy and Sons, Inc.,
New York, 600 pp.
Patterson, C. 1964. Review of Mesozoic acanthopterygian fishes, with
special reference to those of the English Chalk. Philosophical Trans-
actions of the Royal Society of London, Series B, Biological Sci-
ences 247(739):213-482.
Pharisat, A. 1991. La Paleoichthyofaune du Rupelien marin de Froide-
fontaine (Territoire de Belfort). Taxonomie et populations, genese
du gisement, implications paleobiographiques. Annales scientifiques
de I'Universite de Franche-Comte. Besanc;on, Geologic 4(11):13-97,
Purdy, R. W., V. P. Schneider, S. P. Applegate, J. H. McLellan, R. L.
Meyer, and B. H. Slaughter. 2001. The Neogene sharks, rays, and
bony fishes from Lee Creek Mine, Aurora, North Carolina; pp.
71-201 in C. E. Ray and D. J. Bohaska (cds.), Geology and Pale-
ontology of the Lee Creek Mine, North Carolina III, Smithsonian
Contributions in Paleobiology 90.
Rafinesque, C. S. 181C), Caratteri :fi alcuni nuovi generi e nuove specie de
animali e piante della Sicilia, con varie osservazioni sopri i me-
desimi. Palcrmo, Italy, 105 pp.
Rojo, A. L. 1991. Dictionary of Evolutionary Fish Osteology. CRC Press,
Boca Raton, Florida, 273 pp.
Roscn, D. E. 1985, An essay on euteleostean classification. American
Museum Novitates (2827): I-57,
Rosen, D. E., and C. Patterson. 1969. The structure and relationships of
the paracanthopterygian fishes. Bulletin of the Amcrican Museum
of Natural History 141 (3):357-474.
Schneider, V. P., and H. L. Ficrstine. 2004. Fossil tuna vertebrae punc-
tured by istiophorid billfishes. Journal of Vertebrate Paleontology
24:253-255,
Schultz, O. 1987. Taxonomische Neugruppierung der Oberfamilie Xiphi-
oidea (Pisces, Osteichthyes). Annalen Naturhistorisches Museum
Wien, Serie A. fUr Mineralogic und Petrographie, Geologie und
Palaontologie. Anthropologie und Prahistorie 89:95-202.
Sorbini, L. 1988. Biogeography and climatology of Pliocene and Messin-
ian fossil fish of Eastern-Central Italy. Bolletino del Museo Civico di
Storia Naturale Verona 14:1-85.
Squires. R. L., and J. L. Goedert. 1994. A new species of the volutid
gastropod FlIlguraria (MlIsashia) from the Oligocene of Washing-
ton. The Veliger 37:400-409.
Starks, E. C. 1904. The osteology of some berycoid fishes. Proceedings of
the United States National Museum 27:601-619.
Stewart, J. D. 1999. A new genus of Saurodontidae (Teleostei: lchthyo-
dectiformes) from Upper Cretaceous rocks of the Western Interior
of North America: pp. 335-360 in G. Arratia and H.-P. Schultze
(eds.), Mesozoic Fishes-Systematics and Fossil Record, Verlag Dr.
Friedrich Pfeil. Munchen.
Sytchevskaya, E. K., and A. M. Prokofiev. 2002. First findings of Xiphi-
oidea (Perciformes) in the late Paleocene of Turkmenistan. Journal
of Ichthyology 42(3):227-237.
Van Beneden, P. J. 1871. Recherches sur quelques poissons fossiles de
Belgique. Bulletin de l'Academie Royale de Belgique 31:493-518.
Van Beneden, P. J. 1873. Notice sur un nouveau poisson du terrain
Bruxellien. Bulletin de I'Acadcmie Royale de Belgique 35:255-259.
Volta, G. S. 1796-1808. Ittiolitologia Veronese del Museo Bozziano ora
anneso a quello del Conte Giovambattista Gazola e di altri gahinetti
fossili veronesi con la versione latina. Stamperia Guiliari, Verona.
323 pp.
Weems, R. E. 1999. Actinopterygian fishes from the Fisher/Sullivan Site.
Virginia Division of Mineral Resources Publication 152:53-61.
Wells, R. E. 1989. Geologic map of the Cape Disappointment-Naselle
River area, Pacific and Wahkiakum Counties, Washington. U.S.
Geological Survey, Geological Survey Miscellaneous Investigations
Map 1-1832.
Received 5 November 2003: accepted 29 Sepkmher 2004.
